a b s t r a c t
Accumulating evidence demonstrates astrocytic crucial roles in the brain, but the molecular basis underlying astrocytic intracellular protein trafficking remains to be elucidated. The present study reports the identification of novel protein, brain-derived integrating factor-1 (BDIF1), which comprises TBC (Tre-2/Bub2/Cdc16), SH3, RUN domains. The amino acid sequence putatively coding TBC domain in BDIF1 implied its potential to interact with small GTP-binding proteins (G-proteins), and further analyses by co-immunprecipitation and immunocytochemical staining demonstrated that BDIF1 bound to astrocytic gap junctional protein, connexin-43 (Cx43). Our present data shows that BDIF1 potentially functions in molecular trafficking in astrocytes.
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During the last decade, accumulated evidence shows that astrocyte is an important component, which composes tripartite synapses in association with neural processes, and participates in mutual signal processing with other cells in the brain (Kettenmann and Ransom, 2004; Wang and Bordey, 2008) . Bridging neurons and blood vessels, astrocytes function in uptaking glucose and delivering it to neurons, and reversely function in monitoring neuronal activity and transmitting its information to the blood vessels (Abbott et al., 2006) . Despite recently established knowledge concerning mechanism, such like phosphorylation, to modify functions of astrocytic receptors, transporters and other membrane proteins, precise molecular machinery underlying membrane targeting in astrocytes is still to be solved (Solan and Lampe, 2009). Among various physiological molecules involved in membrane targeting are small G-proteins, including Rabs (Sann et al., 2009) . Especially some Rabs, Rab5 and Rab20 were shown to be expressed preferentially in astrocytes, and supposed to interact with GTPase-activating proteins (GAPs) (Ng and Tang, 2008) . A GAP, which binds to Rabs, is featured with its well-conserved sequence, encoding TBC domain (Pan et al., 2006) . Because little is known concerning GAPs preferentially expressed in astrocytes, in the present study cDNAs, prepared from embryonic rat cortical astrocytes, were subjected to screening for their encoding TBC domains. The screening identified a novel protein with TBC domain, which potentially functions as a GAP. Of note, the newly identified protein, named BDIF1, * Corresponding author. Tel.: +81 53 435 2290; fax: +81 53 435 2290.
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was demonstrated to bind to astrocytic gap junctional protein, Cx43, using co-immunoprecipitation and immunocytochemistry. It is implicated that BDIF1 has a potential to interact with signaling molecules such as Rabs, functioning in membrane targeting of astrocytic membrane protein like Cx43.
The screening for probing cDNA encoding protein with TBC domain was performed by applying degenerative PCR, where reversetranscripts prepared from astrocytes of the embryonic day-18 Wistar rat cerebral cortices were used as templates (Ueki et al., 1993) . The primer pairs designed were as following.
DP1: 5 -CG(A,C,G,T)CC(A,C,G,T)GA(A,G)GT(A,C,G,T)TGG -3 DP2: 5 -CCT(A,G)AA(A,C,G,T)GC(A,G)TC(C,T)TC(C,T)TC -3
As a result of degenerative PCR and subsequently performed oligocapping method and 3 rapid amplification of cDNA ends (3 RACE), 2250 bp cDNA was identified (the detail of experimental procedure was described before (Ueki et al., 2003) ). The cDNA encodes a novel protein of 85 kDa, named BDIF1, which was vigorously expressed in various kinds of tissues of adult rat, especially in the brain, the testis and the liver, as shown by Northern blotting (Fig. 1A , the detail of experimental procedure was described before (Ueki et al., 2003) ). The Northern blot analysis demonstrated the transcript of 2.8 kbp. BDIF1 comprises TBC, SH3 and RUN domains (GenBank accession no. AB091009, Fig. 1B) . TBC domain is wellconserved among Rabs and other GAPs, and the identification of TBC domain in BDIF1 implies that BDIF1 potentially functions as a GAP. SH3 domain is characteristic of adaptor protein, which mediates intracellular signaling, and the possession of SH3 demonstrates that
